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OBJECT OF THSSIR 



Though preotressed eoncreto girder hridgea are 
relatively new in thle country, deelgn procedure for 
oiiaply supported heama have heen puhllehed by Gustav 
Magnel, P»W. Abeles and others. On the subject of 
continuous girders, however, there has not been too 
much publiehed . Hagnel has published an analysis 
and set forth a procedure for the design of continuous 
girders In his •’Prestresoed Concrete". In his 
design, llagnel uses a continuous parabolic cable. Ihle 
cable Introduces secondary bending momento which res^llto 
in an Involved design procedure employing a complicated 
graph. 

The object of this thesis Is to anallze and develop 
a design procedure for a three equal span continuous 
girder bridge which employs a simple cable arrangement. 
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INTnODUCTIOlT ATTD HISTORY 



FrentrosBlng concrete Is not a new developraent In 
the field of Reinforced Concrete. As early an lOBS, 

Dochonig took out a patent in Berlin for mortar slabs re- 
inforced by prestreoced steel wires exercising a permanent 
compression on the tension zone of the concrete. Poor 
Quality cement was blamed for the failure. Lund and Kocnen 
early in the twentieth century tested preetreseed reinforced 
concrete be:ams by prestrossing to approximately 8,000 lbs. 
per square inch* Because of the low pretension of the re- 
inforcement, after a time the prcstresslng disappeared alto- 
gether. Other early attempts at prestressing failed because 
the steel reinforcement used had too low a yield point and 
the pretension wao too small to OTercome the shrinkage and 
creep of the concrete. 

The present day investigator has at hand reinforce- 
ment with ultimate strengths well over 200,000 lbs. per 
square inch and concrete with crushing strengths approach- 
ing 10,000 lbs. per square inch. Hence, he is in a posi- 
tion to design prestreesed reinforced concrete structures 
with steel and concrete of a quality to give designs 
taking advantage of the principles of prestreesing and 
the higher strengths of steel and concrete. 

In the field of bridge design especially, pres tressed 
designs result in groat cavings of materials, permit con- 
siderably longer spans, more reliable structures as the 
tensile stresses are oomplotely cancelled and cracks are 
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prevented fron occuring ae the entire crocs-eectlon is 
etreosed compreasively . Coneeqxiontly, a nunher of raethodo 
of prcatreceing girders have appeared within the past two 
decades. 

?he first practical solution was hy 7reyeoinet in 19S8 
utilizing high-quality concrete and high- tensile steel. To 
derive the dense and exceptional quality of concrete re- 
quired t it was essential to use every available Tseans of 
compaction such as vibration, heating, and so forth. Con- 
crete under Frcysslnet’s tr©atT«ent resulted after a few 
hour* in a concrete made with ordinary Portland cement with- 
standing a crushing stress of 4,000 to 6,000 lbs. per square 
inch and after hardening, a final conprcooive strength of 
160,000 lbs. per square inch. Freysoinet enployed wires of 
0.2'* diameter placed against the internal face of a sheath 
and positioned by short lengths of helical springs (es- 
pecially where the cable changed directions). A hydraulic 
Jack is used to strese the wires nnd they are finally se- 
cured by cylindrical blocacs. The advantages claimed for this 
method are on inexpensive method of oecuring the Tfiree, the 
wires are quichly stretched, the end securlngs for the wires 
do not protrude beyond the end of the beam. Disadvantages 
which may be claimed are that the wlree rm.y not be equally 
stressed, that the shape and quality of the end bloeko pos- 
eibly may not be uniform, and the necessity of heavy and 
expensive Jacks. This process was responsible for a great 
deal of work in France prior to 1939 but has proved too cum- 
bercome for general acceptance. Since then, ceveral pre- 
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stressing nethode hare been developed that are inuch 
eisrpler and considerably acre econonjlcal. 

During this past war it was practically irapooeiblo 
to obtain the Freyesinet devices in Belgium and nnolher 
method variously called the Belgium Method, the Magnel 
Method, or the Magnel-Blaton Method was developed by 
Gustav Magnel. In this method wires are placed in a defi- 
nite order with a spacing equal to the wire diameter for 
grouting purpoeeo. The wires are stretched two at a time 
and are strongly anchored to devices called **oandwich 
plates'*. The wires are enclosed within a sheet-metal sheath 
and tensioned by a five-ton Jack. The advantages claimed 
for this method are a cable of a large number of wires, 
wires are individually stretched and also tested to a stress 
approximately Id^t higher than under working loads. Disad- 
vantages stated are that it is more expensive than Freyesinet, 
a longer time to tension the preotrossing wires, extension 
of the "sandwich plates** beyond the end of the concrete, and 
mere difficult to bend the cable to anchor it. A considerable 
amount of work has been completed in Belgium and appears to 
be very satisfactory. 

Two American processes have been developed. The Elec- 
trical Method (Billner arwS Carlson) ejsploys threaded steel 
bars coated with sulphur which upon being heated electrically 
elongate. 17uts are then tightened down and the bars allowed 
to cool, with the bond re-established when the sulphur solld- 
Iflee, allowing the nuts now to be removed. The whole opera- 
tion of extending one rod can be completed in about two 
minutes. Disadvantages set forth are the wastage of nteel 
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area unleae the ends of the bars are upset, serious loss 
of prestrese due to snail stress, possible lack of unlforn- 
Ity in the prostresn and possible chcnlcal action of the 
sulphur danaglng the oteel and concrete (especially if 
cracks appear and rooleture le present). However, this 
method io slraple, economical and practical, and merits in- 
vestigation and uoo. 

The second American method, Schorer’s, depends upon the 
bond of thin wires, wound helically in opposite directions 
around a central core forming a cage. The wires are separated 
from one another and the central cor© by spacer discs, being 
held in place at the desired stress by a v^edge-ring clamping 
device. Unite can be manufactured in various sizes depending 
on the wire size and central core. The advantages claimed for 
this syaten is the use of a factory-mnde unit requiring no 
special treatment in the field. 

Processes depending upon the expansion of concrete in 
hardening have been investigated but full reports are not 
yet available. 
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PROBLTrt' ov 7HT. C0>JTI!7U0nn 



Prior to discuaoing the prohlen of continuous 
beams, it may be well to adopt a convention of signs. 

A pocitive bending motaent causes compressive stress 
in the top fibre (l.e., causes the beam to sag) and 
negative bending moment causes tensile stress in the 
top fibre (i.e., causes the beam to hump). The 
eccentricity is designated as follows: where the cable 
is above the neutral axis as positive and where below 
the neutral axis as negative. The convention thus 
established for the bending nonent and eccentricity 
agree with each other. 

In a continuous beam unless the prestressing 
cable coincides with the neutral vaxls of the beam 
(i.e., ie nowhere eccentric), the statically indeter- 
ntlnate reactions are altered by the pros tress ing. 

If in Pig. 1, the support at 3 is removed, the 
prestressing force would create a negative bending 
iricment and tenJ to lift the beam at all points except 
at the exterior supports, A and C. Therefore, to 
keep the beam in contact with the support at B (assume 
support replaced), a force must be applied. The 
application of this force produced an extra upward 
reaction at the exterior supports (the sum of which 
must equal the force applied). These additional 
reactions produce an additional bending moment - which 
is designated as the Secondary Bending Moment, M^, which 

must be combined with the initial bending moments caused 

- 6 - 
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PROBLEM OF THE CONTINUOUS BEAM 






ERr ^ E. Fig. I 
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by the loade and the initial prestreeslng force* Pj. 

This Secondary Bending Vioment is proportional to 
the initial preetressing force and is not negligible 
(unless the cable is so placed that the eccentricities 
are such that they partially cancel one another through- 
out the length of the beam). The magnitude and sign 
of the Secondary Bending Moment result from the position 
of the cablo, which in turn can only be chosen when the 
raluso of the Secondary Bending Moment are known. 

To ATold the proceno of repeated calculations for 
the Secondary Bending Moment and the position of the 
cable* which are mutually depcJident* Magnel ouggeets the 
use of the concept of equivalent eccentrlcitlec. He 
defines the equivalent eccentricity at a section as the 
sum of the actual eccentricity at that section end an 
apparent eccentricity. This apparent eccentricity is 
Introduced by the Secondary Bending Moment and ia equal 
to the value of the Secondary Bending Moment at the 
section divided by the prostrosBing force# i.e.* 

Therefore* if the equivalent eccentricity is used 
instead of the actual eccentricity, the continuous beam 
can be designed as if there were no Secondary Bending 
Moment. 
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SYIJBOLS 



A - croee-Beotional area of the hoan 

AVB,G»1) - designate sectlone (when uoed ao suhocrlpts) 

Ay - area of steel relnforceraent 
b - width of section at centroid 

c» - allowable cowpressive and tensile stress in the 
concrete, respectively 

e - eccentricity of the prestressing cable fro:?! the 

neutral axis 

e’ - equivalent eccentricity 

f^t* ^db stress in top and bottori fibre, resp., caused by w<j 

^at* ^ab *“ stress in top and bottom fibre, resp., caused by w^ 

f ^*ab in top and bottom fibre, resp*, caused by w*^ 

fy - allowable tensile stress of steel reinforcement 

fgj. - allowable concrete tensile stress (for check on 

cracking) 

I - tnoaent of Inertia of entire section about centroid 

L - length of each span, feet 

- bending raoment due to w^ 

- bending moment due to Wg 

- bending moment due to w*g 

n - proportion of that remains permanently; gener- 

ally *0.85 

Pj - initial prestressing force 

Q - statical moment of section on either side of centroid 

taken about the centroid 

r - radius of gyration of concrete section 

St - principle stress 



- 8 - 



d P€4m ».f^rT^ *<1 3fi5^2i * * 

• •MfO •*•!• • i|^ .fi^ 

%»t«ilfv M M ^ ^ •nj^ 

•»*• .«»»► »ir^ 



S«Ib % •IflBail* «r 




IBPa^ 1^ 







V - external ehear on section 

V - ehearinp etreea at the ocntrold 

Wjj - load per unit length acting when prestress is 
being established 

- additional load per unit length acting after the 
prestroso has ho^n ectoblished (acting in ouch a 
mnner ae to produce a Taoment of same sign as that 
produced by 

^'a ■ additional load per unit length acting after the 

prestrece has been eutabliched (acting in such a 
nannsr as to pi'oduce a monent of opposite sign ao that 
produced by W(j) 

yt* y|j - distances from centroid of beam to top and bottom 
fibres, respectively 
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D?i.VJjX0PU:-a?7 0? •F’lniDA^XJjJfTAL yOHlULATi; 



A prftotreBBed concrete mealjer subjected to bonding 
only must In general resist the bending sjoraent produced 
by the loads present (w^) when the prestress is being 
established and to another bending moment produced by 
the loads (w^^ Euid which can be applied after the 

prestrensing. 

The cases of a simply supported beam subjected to 
bending moments of the same sign (M^j and ?%)* a simply 
supported bean subjected to bending moments of opposite 
sign and and & continuous beam subjected to 

bending moments of the same and opposite sign and 

I3ach case will be investigated at the sections 
of maximum moment, for the top and bottom fibre, and 
at the two critical loading conditions - immediately 
after the pres tress is established and after an elapsed 
time. 

I. Simply supported bean subjected to bending moments of 
the same sign. 

A» Case of eccentricity greater than r^/y^ 

1. Top fibre at mid-beam section. 

a. Immediately the prestress is established the 
tonsils stress in the concrete under the load 
Wjj and the prestreosing force must not exceed 
the permissible tensile strength (c^) in the 
concrete. 



- 10 



















ti»4 



lU 



^ «Ai 



A« m^n m *1 



#1 Cifl^ t< 



N0 w^mw^^mrm «iV 1^ 

«y «t <^l •tfIM MMmif^ M 







r* 



<c 




CVJ 



K Qi 



I 

I 

P:: 

I 



K 

I 






kj 

Ci 




FUNDAMENTAL FORMULAE 




FORCE 

PrestresB 



Dead Load (w^i) 



RTRERR CAUSED 

pi7a ( coiTipreGsion) 

Fi(eyt;)/Ar^ (tenoion) 

fdt (corapreaoion) 



~ l) “ ^dt • ct (1) 



b* After an elapoed tlno the compresc Ire stress in 
the concrete under the loado and vfg^) and the 
preetrecelng force oust not exceed the compreeelve 
strength (c) of the concrete. 



FOTICB 
Free tress 

Dead Load (w^) 
Live Load (Wg.) 



5TR5B3 CAUSED 

nPi/A (compression) 

nPj^(«y^)/Ar^ (tension) 

(compression) 

fat (cotapression) 




'«yt 

.1^ 






^dt ^at * « 



(2) 



« Bottom fibre at mid -beam section. 

a. Immediately the prestrees is eetabliehed the 
tOTapreBslve stress in the concrete under the 
load (w^) and the prestressing force must not 
exceed the permissible comprosclve strength in 
the concrete. 

FORCER STHKHR CAURED 

Pres tress Pi/a (cocipreoslon) 

Pl(eyij)/AT2 (compression) 

Dead Load (w^) f,j^ (tension) 

“7 • ^db * ® ^ 

b. After an elapsed time the tensile stress in the 

concrete under the loads (w<j and ar^ the 
prestrescing force must not exceed the permissible 
tensile strength in the concrete. - 11 - 
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FORCE 




STR2CR CAUCO) 


t^restresB 




nPi/A 


( compression) 






”^i(«yb)Ar^ 


( compression) 


Dead Load 




^’db 


( tension) 


Live Load 


(Wft) 


^ab 


( tension) 



/ ®yb \ < . 



B. Case of eccentricity lean tlimn r^/y^ 

1. Top fibre at mid-beaaa section* 

a. Immediately the preatreas is eetabliBhed the 
condition of I-A-l-a does not apply since the 
top fibre in now always in compresalon. (5) 

Therefore, the controlling condition after 
preo treats le that the compressive stress under 
the loads (w^ and and the prestreesing 
force must not exceed the compressive strength 
of the concrete. 



yoHCS 

Pres trees 

Dead XiOad (w^) 
Live Load (wg^) 



S7H1SS CAUSED 

PITS ( compress ion) 

Pi(«y^)/Ar^ (tension) 

f^.|. (compression) 

(compression) 



^ fat • 0 (d) 

b. After an elapsed time the comproseivs stress 

under the loads (w^ and Wg^) and the prestreesing 
force must not exceed the compressive strength 
of the concrete. All the stresses remain the 
same as those of I-B-l-a except the Pi terms 
which are reduced by therefore, if (6) is 
satisfied, this condition is also. - 12 - (6-a) 
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2. Bottom fibr® at aid-baara section. 



a* Iramed lately the pres tress is established and after 

b. 

an elapsed time the conditions are the same ae in 
I-A-2-a and -b. Therefore, the condition 
equations (3) and (4) apply (redesignate as 
(7) and (8), respectively) • 

II. Siraply supported beam subjected to bonding noraento of 
the opposlto sign. 

A. Case of eccentricity greater than r^/y^ 

1. Top fibre at mid -beam section. 



a. Inuaedlately the prestress is established the 
tensile stress in the concrete under the loads 
(w^ and and the prestressing force must 

not exceed the permissible tensile strength 
of the concrete. 

?OHCE STRB8B CAUSKD 

Prestress Pj[/A (compression) 



b. After an elapsed tine the condition and forces 
are the same as those of II-A-l-a except the Pj 
terms which are reduced by nf therefore, if (©) 



Pi(ey^)/Ar^ (tension) 



Dead Load (w^) 
Live Load (w\) 




(compression) 
( tension) 




is satisfied, this condition is also. 
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2. Bottom fibre at raid-beam eection* 

a. Immediately the pres tress is established the 
compressive stress in the concrete under the 
loads and and the prestressing force 

must not exceed the compressive strength of 
the concrete. 



FOHCa 

Prestress 

Bead Load (w^) 
Live Load 



STHiy>n CAUPKD 

P|/a (compression) 

Pl(ey^)/Ar^ (compression) 

f^-^j (tension) 

f*a-b { compress ion) 



A 






( 10 ) 



b. After an elapsed time the condition and forces 
are the same as those of II-A-2-a except the Pj 
terms which are reduced by n; therefore, if (10) 
is satisfied, this condition is also. (lO-a) 

B, Case of eccentricity less than r^-/y^ 

1. Top fibre at mid-beam section. 

a. Immediately the prestreas Is established the 
tensile strese in the concrete under the loads 
(w^ and and the prestressing force must not 

exceed the permissible tensile strength of the 



concrete. 

voncF. 

Prestress 



Dead Load (w^) 
Live Load 



STRESS CAUeiSD 

i^l/A (compression) 

Pl(eyt)/Ar^ (tension) 

f^^ (compression) 



^’at 



( tension) 



A 



- 



®yt^\ ^ 6 ^ 

j- 14 ^dt + f'at “ ®t 
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b. After an elnpaod time the condition and forces 
are the same as those of II-B-l-a except the Pj 
terms which are reduced by n; therefore, this 
condition controls. 

-nPj / eyt \ < . . 

-J— ^ - ^dt + ^*at “ ®t (11-a) 

2, Bottom fibre at old-beam section. 

a. Immediately the prestress is established the 
coApressire stress in the concrete under the 
loads (w^ and w*g^) and the prestreeslne force 
must not exceed the compressive strength of 
the concrete. 



yORGB 

Prestrese 

Dead Load (w^j) 
Live Load 



STR-aSS CAlTPyy) 



Pi/A 

^i(«ybVAr^' 

^db 

^*ab 



(compression) 
(compression) 
( tension) 
(compress ion) 



Pi / ®yb \ c 

^ j 4. a ^2) 

b. After an elapsed time the condition and forces 
are the same as those of II-B-2-a except the Pj 
terms which are reduced by n; therefore, if (12) 
is satisfied, this condition is also. (l2-a) 

HOTS: It is obvious that the beam must satisfy 
the fortaulao derived above in I when the beam is 
loaded thualy. However, if the conditions 
of certain of these equations are satisfied, 
those of others are automatically satisfied. 
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Therefore, for a beara aubjeotod to bending momento 
of the earae and oppoelte sign, whether the beara be 
siraply eupportod or continuous, there are the controlling 
formulae for the section or sections of maxlmuai bending 
moment or moments, respectively. 

For Case A { e >r^/y^) - 

If (9) is satisfied, (l) is also# 

if (lO) is satisfied, (3) is also. 

Therefore, the controlling equations are - 
(2), (9), (4) and (10). 

CagQ S ( e < r^/y^) - 

if (12) «(10) ie satisfied, (S) is also and 

(i) is inoperative. 

Therefore, the controlling eouations are - 
(6), (11), (4) and (lO). 

The next consideration is the graphical representation 
of the controlling formulae for beams subjected to bending 
laomonte of the sane and opposite sign. 
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To facilitate the solution of the four eimultaneously 
controlling formulae it will he worthwhile to represent 
the formulae graphically. Bach formula will ho considered 
individually and then simultanoously with the three 
companion condition formula* for the solution of sections 
of maximum moment. 

The formulae are plotted with the eccentricity as 
the aheciesa and the value of (l/lPj|^) as the ordinate. 

The value of the ahsclooa (e) for the ordinate (l/Pj) equal 
to sero for lines 2 and 2* is *T^/yf, and for the 
lines 4 and 4* is -r^/y^jj. The value of the ordinate (l/Pi) 
for the ahsoiasa (e) equal to zero is given in the following 



table. 


(«ce Fig. 


3 for graphical representation) 
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LINS 


ABSCIBSA 


ORDINATE 


CONDITION 
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+rVyt 


r -n 


0 < f(lt fat 




t^’dt + ^at • c)A 


(9) 


2* 






ot>f*at + fdt 




tot - f’at + 


(11) 


2* 




4n 


ct<f*at - fdt 




“ ^dt * ot)^ 


(4) 


4 




+n 


H ^fdh + fab 


^f’dh * ^ah - ctlA 


(10) 


4’ 




41 
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to ** ^*ah + ^dh^^ 
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In F1 r« 3 th« ohadcd areas correspond to the values 
of (o) and (l/S'i) that satisfy the particular condition 
formula. To solve a particular section, the handing 
moasents and stresses caused hy the loads and 

arc found and then the ordinates for 2, 2*, 4 and 4^ are 
cosiputed. The four condition lines are dra^n and the 
area enclosed T?ithln the four lines satisfies the 
conditions. SiTjjllar diagraise of (e) veroim (l/?i) are 
drawn for the Beetions of naxlnum moment e (for a 
continuous hewn of three equal spans these are the 
midpoint of the exterior span, the Interior support 
and the midpoint of the central span). This la 
illustrated in Fig. 4. Any line such as H-H* is drawn 
parallel to the (e) axi# cutting all three areas and 
satisfies the conditions of the particular heam and 
Ito particular loading. Line H-H’ gives tYie valiie 
of (l/Pj) from which the prestressing force Is obtained. 
The intercepts of line H-H* with the areas give the 
llmitB of the eccentricities for the particular sections 
for which the diagrams arc constructed. It is obvious 
that the further the lino H-H* le from the (e) axis the 
smaller will be the prostrossing force required ♦ Thus 
it will be best to investigate this condition first and 
should the allowable eccentricities not be obtainable, 
other lines parallel to the (e) axis, but closer, should 
be tried. 
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The Secondary Bending ICoiaent in terras of the pre- 
etressing force (Pi), the span length (L) and the 
eccentricity of the pres tress ing cable (e) has been 
derived frora the Conjugate Beam Theory and the Principle 
of Superposition (the derivation is indicated by Hagnel 
in hie "Prestressed Concrete" with the Intermediate steps 
omitted)* The resulting expression for the Secondary 
Bending Moment is general and applicable to any aseuraed 
arrangement of cables and combination of prestressing 
forces, (see Pig. 5). 

Magnel follows his recommendations for the eccentricity 
of the cable, that is, no cable eccentricity at the exterior 
supports, sagging of the cable in the middle of the end 
spans, humping over the interior supports, sagging at the 
middle of the central span, and being Byjrjmetrlcal about 
the midpoint of the central span. He accomplishes this 
by the use of a continuous cable as follows; in the exterior 
half of the ends span with a second degree parabola# in 
the interior half of the end spans with a fourth degree 
parabola and in the central span with another fourth degree 
parabola. Using the algebraic eifuations for the cable 
eccentricity and letter designations for the three 
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Fig. 5 



e 




THE SECONDARY MOMENT AT AN INTERIOR SUPPORT. 

/. By Conjugate Beam, 

(!) O, - Oo 4 - f^M dx (Slope = area of diagrarn) 

(2) /\y, ^Z^y^ F B-Jx, - xj F foM(x, - xj dx 

(Deflection - moment of area of -—j diagram) 

2. ASSUME Supports BSD removed; when prestressing force applied 
it produces a bending moment, M(=P'e), with a resulting deformation. 
Applying (!) S (2), 

at midpoint C, (f) o = dx or dx.(0 

at support B, (2() o F BiL F {^M(L~ x) dx 
:. substituting M=P e and (T) in (2‘), 

= - jj-C Pe<b‘ + ^ lh<-~ ’‘i « * 

r-^l^edx +-^//e (*t --^4 ex dx 
= - sx dx F L e dxj (upwards) 

(deflection at B due to prestressing force, P ). 

3. Referring to beam in (b) above, apply load Rg i at B & D (Rq is the 
aforementioned force in discussion of problem of continuous beam). 



from ^(when x= a) - 



Px 

6E1 



(3La -3o^ - 







. 5Rt a 

6£1 



{ downwards) 



controlling eccentricities (l.e., the ralddle of the 
end span* the interior support, and the middle of the 
central span), he solves for the value of the Secondary 
Bending Moment. 

Using the concept of the equivalent eccentricity 
(the actual eccentricity plus an apparent eccentricity), 
he procoede to oet up a graph (see 5'ig. 6) which is 
entered with the limits of the equivalent ©ooentricitles 
from the diagram of e’ vs l/Pj (see ?ig. 4) and an 
arbitrarily chosen eccentricity for the interior support. 
Lines are drawn parallel to the basic construct3.on lines 
and an area should be bounded by these line « any point 
of which satisfies the conditions of the problem. If 
the arbitrarily chosen value of the actual eccentricity 
of the interior support does not provide a satisfactory 
solution, others must be tried. If the greatest 
available actual eccentricity at the interior support 
does not provide a solution, the beam is too shallow 
for the condition of loading. 

To eliminate the parabolic cable, th® use of a 
graph with four construction lines, and tie field 
construction of a parabolic cable, a simpler cable 
arrangement was investigated. A continuous parabolic 
cable, a continuous straight cable, a contlmtous 
straight cable with an additional cable over each 
Interior support and discontinuous cables with various 
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pointR of cut-off were invectigated with no special 
reeulte worthy of note (with the exception of the latter). 
The uoe of a discontinuous cable conposed of straight 
cables with quarter point cut-offs was tried and is the 
one *Mi opted for this presentation. 

The cable is Illustrated In Pig. 8 with all the 
distances and forces labelled. The derivation for the 
Secondary Bending Koaent, the aseuniptions made and the 
final equations for the three equivalent eccentricities 
are for the cable arrangement Indicated. 

The curves for the equivalent eccentricities in terms 
of the actual eccentricities are determined by the three 
final defining equations, (see Pig. 9). 

The procedure is as before - enter with the limiting 
equivalent eccentricities from the diagram of e'vs l/Pi 
and the actual limiting eccentricity imposed by the 
physical setup of the chosn beam. A few quick trys and 
an acceptable solution can be found. If the actual 
eccentricities available are not satisfactory, the beam is 
too shallow for the loadings used. 
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ASSUME Same ‘8" For AH Cables. 

/ From Eg. , A/y- - dx +!-(} dx} 




= - P [ 0 . 3375 «, + 0.5625 * 2 ^ 0.3 ej. 
ASSUME fiy "^4 ^ 

2 . ^5 * " 0. 6375 -h 0. 5625 Cq], 



By definition^ Equivalent Eccentricity e' s 

J. e^ - ''£p — “ ey^ “• 0»3i875 e^ ~ 0,26125 eg. 

e*B * "f ' * Oq^ 0,6375 ^ *" 0J5625 eg. 
e*Q « eQ'f ' * ^ 4 ” 0.6375 ey^ *~ 03625 eg, 

-or- 

e'^* 0,66125 Oy^ - 0.26125 Oq . 
eg‘- 0.6375 e^ -f 0. 4375 e^ . 

Oq^ 0,3625 Oj^ ~~ 0,5625 Bg , 

Draw curves for ^4 t terms of e^ S Oq. 
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Since no special design or techniques is required 
for the construction of the foundations and ahuttnents 
of prestreosed reinforced concrete bridges, it is 
asB'oned that such abutnente and foundations can bo 
built with no difficulty. Therefore no analysis 
or design of these elemantc is taade. 



CONSTRUCTION PROCKDURE 



Ko atteiapt i« mde to discuss the detailed construc- 
tion procedure necessary for the practical application of 
this design. Such procedure "would depend on the location 
and the engineering experience of the contractor. There ic 
nothing in this design which requlree the developTiient of 
new methods of construction. The technique of construction 
already applied to existing preetreesed concrete bridges 
could with email modif icatlone be applied to the proposed 
design. 

Since each girder in the designed bridge is 300 feet 
long and would weigh approximately 120 tons, a serious 
transportation and placesaent problem would result if the 
girders were cast at a distance from the site. For that 
reason, the girders would bo advantageously cast on top of 
the piers, one or two at a time, using falsrwork to support 
the forma. This would require only enough false“work to 
support two or throe girders. After prestressing the girders 
"would be moved laterally into position. The design of the 
girders was predicated on this method of construction. 
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GI12TBHAL F5ATURT3S OF PS3IGK 



The bridge herein designed i» a continuous span bridge 
consisting of three-one hundred (3-100*) foot spans. The 
cross section of the bridge consists of seven 48" I-beaa 
girders. On the top flange of the girders is a 3“ wearing 
surface of concrete. This allows two lanes on a 26-foot 
roadway with two ono-foot curbo, for an overall width of 
twenty-eight feet, (see Fig. 10). 

Each girder is cast atop the piers and is post-tensioned 
with high strength steel wires by the Eagnel -Platon system 
before being placed in its proper position. The pre- 
Btresslng steel consists of straight wires covered with 
a metal sheath and fprouted to form cables. These cables 
are placed on either side of the web of the I-beara and 
are anchored in specially designed rectangular blocks. 

(see Fig. 7). For additional protection the cable sheathe 
would be protected by a bituminous coating. The e7:terlor 
side of the two outside girders would be covered with a 
thin shell of concrete giving protection to the otherw-ee 
exposed cable sheaths. All the cables are below the 
neutral axis within the core of the section except over 
the interior support© where the cables are above the 
neutral axis to counteract the negative moment. These 
cables are not continuous* starting and stopping at pre- 
determined points where the rectangular blocks are placed 
for anchoring. This discontinuity of the cables is the 
peculiar feature of this design and* as far as in known 
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Fig. !0 

GENERAL SKETCH, CROSS-SECTION 
GIRDER DETAIL 




"by th« authoro, thi* particular type of conotruotlon hae 
not been previounly ueed. 

Each of the seven girdero is keyed to the adjoining 
one by shear keys on the upper and lower flanges. After 
the seven prestreosed girders are in place on the abutments, 
steel wires in cables are passed tranoversely throiigh 
the upper and lower flangec at a specified spacing, holes 
being left in the flanges for this purpose. These wires 
are then prestrossed establishing a post-streseed condition 
transveroely through the conblned and lower flangen. 

Becauee of the stress so established, each girder does 
not act individually but assumee the status of a mono- 
lithic structtire with the other girders. 

The following steps are the basis of the procedure 
for design: 

(1) Assume a concrete cross section. 

(2) For dicionslons used, find the limiting values 

of the equivalent eccentricities (diagram of e’ vs l/Pi), 

(S) Express the variation of the cable eccentricity 
as on algebraical erpreeeion. 

(4) Find the equivalent eccentricities in terms of 
the actual eccentricities, (diagram of e vs e’)» 

(5) Determine actual eccentricities by satisfying 
di»??rams of e’ vs 1/^i and e ve o*. 

(6) From the diagram of e* vs l/Pi determine the 
value of the prestressing force. 

(7) Compute Secondary Bending Itoment and its induced 
stresses. 
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(8) Combine etreeeeo from loads at time of prestrese, 
stresses from superimposed loads* stresses due to the 
preatressing and stressoe due to Secondary Bonding Moment 
in all possible combinations (at the time of pres tress, 
after pres tress with superimposed loads, and after an 
elapsed time) to see if stresses conform to the allowable 
compressive and tensile strengths. 

(©) The remainder of the design is for details - such 
as the check on the shear, the design of the shear key, 
the design of the anchorage, the desifyn of the transverse 
steel and so forth. 
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SPaCinCATIOHS 



Since preotrcBBod concrete construction ie relative- 
ly nevf in this country, no standard set of specif icatione 
have been agreed upon, ’^ere poeeible the specif icat ions 
set forth in the current American Concrete Institute 
Standards were adhered to. For those instances, in which 
it was believed that the published specifications were not 
applicable, values as recommended In ’publications' by 
Gustav Magnel, 7. W. Abeles and various other authorities 
were used. 

With regard to loading, the standard specifications 
for Highway Bridges, fifth edition, 1949, as adopted by the 
American Association of State Highway Officials was used* 

The following specif icatlons were followed in the 

. I 

design: 

Live Load 

H-20-S15-44 {aaSHO Standard Specifications for 
Highway Bridges) 

Impact Factor 

T « 50 

^ r+ iB 

L « Length between supports in feet 

Dead Load 

Two lanes on a 26 foot roadway. 

Two one-foot curbs equal to 300 lbs. per foot of 
bridge 

Three-inch road wearing surface equal to 150 lbs. 
per foot of girder 

Maximum Deflection Allowable 

Live load plus Impact - x span 
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Fig. // 

SYSTEM OF LOADING 




0? ?£ATKniALn 



Tho aiatftrlal» uacd in this doelf^n hav® the folloifflng prepertlees 

COHCHETS 

Ultiosato oosspreoslTft streni'th • * 6000 psi 

Allowable cosjprecBlve stress •••«..»*•• 2000 psl 

tlltlaats tensile strength 700 pel 

Allowable tensile stress .*• 0 psi 

Allowable shear stress (no reinforoeaent) • • • • 120 psi 

(stirrups alone as web reinforceasnt) 

360 psl 

Allowable bearing stress ••••«••••••• 3500 psi 

Hoduluo of elasticity •••••••••... *3t000,000 psi 

Special Roebllng Acid Stool Prestreseed Concrete Wire 

Ultimte strength 240^000 pel 

0*7^ ^Slongatlon at ••«*••••»••••• ISO 000 psi 

Hlnicucs ultinate elongation 4 % 

Allowable design stress 120,000 pel 

Srose after creep of »t«el and ohrlnkage of 

cenerste • * . . • 102,000 pei 

Allowable load per wire *•••• 7,200 lbs 

(0.a76« B) 

Allowable tensioning stress « • • 135,000 psl 

web Web Relnforocrient tmd Anchor Block Wire Cage 

Design stress • * •...•* 20,000 psl 

K0?K0 1 The above concret® and steal sires# were assutned 
after having InveotSgatad those set forth by various 
author! tiers as follows s 
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Concret* 

alKainel - "Preotrosaod Conorete* 

-Ultiraate cotnprooBire strength of 3800 pel (7500 poi at timo 

of pres trees ing) 

•Working compressive stress of 1/4 to 1/3 of ultimte 
-Bearing stress of 1.75 times working compressive stress 
-Tensilo stress of l/lO of cotspressive stress (2/10 if 

reinforcing provided) 

-Shear stress of l/lO of corapreesive stress 

b) Portland Cement Association - Modem Developments in 

Reinforced Concrete, No. 25, "Design of Pres tressed Concrete" 
-Ultimate compressive strength of 5000 psi 
-Working compressive strese of 2000 psi 
-No working tensile stress under design loads 
-Allowable tensile stress extreme fibre for check on 
cracking of 700 psi 

c) AC I Standards - 1946 

-Shear stress as 2/100 ultimate compressive strength 
(no reinforcing provided) 

-Dhcar Sress as s/lOO with web reinforcement of stirrups only 
Steel 

Roebllng Wire Company - Specifications for Special Roebllng 
Acid Steel Prootreaeed-Concrote Wire 
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ISOIiKIfT DISTHIBUTICai 



ContinuouR b«ara of 3-100’ epans. 
Unit loadlngB at each 10* Interval. 



A ZI — 2S a 

A,o ~&-to CZa ~J>-So 



Point 

Loaded 


A 




3 


C 




AP 


BA 


BC 


CB 


Cl) 


DC 


1 


3/4 


3/4 


1 


1 




0 


0.428 


0.572 


0.572 


0^428 


Q_ 


1 


+8.10 

-8,10 


-0.90 

-4.05 

+2.12 


+2.83 


+1.42 

-0,81 


-0.61 






+0.J17 


-0.40 

+0.23 


+0,12 


^0 • OS 






0 


-2.66 


+2.66 


+0.66 


-0,66 


0 


2 


+12.80 
-12. BO 


-3.20 

—6.40 

+4.11 


+5.49 


+2,74 

-1.57 


-1.17 






+0.34 


-0.78 

+0.44 


+0,22 

-0.13 


-0.09 






0 


-5.16 


+5.15 


+1.26 


-1.26 


0 


3 


+14.70 

-14.70 


-6,30 

-7.35 

+5.85 


+7.80 


+3.90 

-2.23 


-1.67 






+G.4S 


-1.12 

+0,64 


+0,32 

-0.18 


00.14 






0 


-7,32 


+7,32 


+1.81 


-1.81 


0 


4 


+14.40 

-14.40 


-9.60 

-7.20 

+7.19 


+9.61 


+4.80 

-2,74 


-2.06 






+0.59 


-1.37 

+0.78 


+0.39 

-0,22 


-0,17 


+0.05 


-0,11 

4^0 *06 






0 


-8.97 


+3,97 


+2.23 


-2.23 


0 


5 


+12.50 

-12.50 


-12.50 
- 6.25 
+8.05 


+10.70 


+5.35 

-3.06 


-2.29 






+0.65 


-1.53 

+0.88__ 


+0.44 

-0.28 


-0,19 


+0.05 


-0,12 
+0.07 ' 






0 


-10.00 


+10,00 


+2. 48 


-2.43 


0 
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Point 

Loaded 


A 




B 


C 


D 


AB 


BA 


BC 


CB 


CD 


DC 


6 


+9.60 

-9.60 


-14.40 
- 4.80 
+8.20 


+11.00 


+5.50 

-3.16 


-2,35 






+0.68 


-1.58 

+0.90 


+0.45 

-0.25 


_-0,20 


+0*06 


-0.12 

+0.07 






0 


-10,27 


+10.27 


+2.55 


-2.55 


0 


7 


+6.30 

-6.30 


-14,70 
-3.15 
+7.65 . 


+10.20 


+5.10 

-2.92 


-2.18 






+0.62 


-1.46 

+0.84 


+0.42 

-0.24 


-O.IB 


+0.06 


-0.12 

+0.07 






0 


-9.53 


+9.53 


+2.36 


••S ♦ 36 


0 


8 


+3.20 

-3.20 


-12, SO 
-1,60 
+6.16 


+8.24 


+4.12 

-2.36 


-1.76 






+0,50 


-i.ia 

+0.6B 


+0.34 

-0,19 


-0.15 


+0.04 


-0.10 

+0.06 






0 


-7.70 


+7.70 


+1.91 


-1.91 


0 


9 


+0,90 

-0.90 


-8.10 

-0.45 

+3.66 


4*4 • 89 


+2.44 

-1.40 


-1.04 






+0.30 


-0.70 

+0.40 


+0.20 

-0.09 


-0.11 






0 


-4.59 


+4.59 


+1.15 


-1.15 




11 




-3.47 


♦8.10 

-4.653 


-0.90 
-2.32 
+1 . 84 


+1.38 




-0.39 


+0,92 

-0.53 


-0.26 

+0.15 


+0.11 


-0.03 


+0.08 

-0.05 






0 


3 • S9 


+3,89 


-1.49 


+1.49 




12 




— 5 # 4B 


+12.80 

-7.32 


-5.80 

-3.66 

+3.92 


+2.94 




-0.84 


+1.96 

-1.12 


-0,56 

+0.32 


+0.24 


-0.07 


+0.16 

-0.09 






0 


-6.39 


+6.39 


-3.18 


+3.18 
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Point 

Loaded 


A 


B 


Q 


D 


AB 


ba 


BC 


CB 


CD 


DC 


13 

.St 




-6.29 


+14.70 

-8.43_ 


-6.30 

-4.20 

+6.01 


+4,49 




-1.2S 


+3.00 

-1.7iL 


-0.86 

+0.49 


+0.37 


-0.10 


+0.24 

-0.14 


-0.07 

+0.04 


+0.03 






0 


-7.67 


+7.67 


-4.80 


+4.89 


0 


14 




-6.16 


+14.40 

-8._24_ 


-9.60 

-4.12 

+7.85 


+5.87 




-1.6B 


+3.92 

-2.24 


-1.12 

0 • 64 


+0.48 


•0el4 


+0.32 

-0.18 


-0.09 

+0.05 


•fO « 04 






0 


-7. OS 


+7.98 


-6.39 


+6.39 


0 , 


15 




-5.. 35 


+12.50 

-7.15 


-12.50 
-3. 58 
+9.20 


+6.8B 




-1.07 


+4.60 

-2.63 


-1.32 

+0.75 


+0.57 


-0.16 


+0.38 

-0.22 


-0.11 
+0 . 06 


+0.05 






0 


-7.48 


+7.48 


-7.50 


+7 , 50 


0 
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COITILATIOK OF K’JCrtrLTP. 

OP 

IfOIl’JIT DISTHIBIITIOKS 
FOR 

UITIT LOAD AT 10’ IIITISRVAL 



Point 



Loaded 


AB 


BA 


BC 


CB 


Cl) 


A 


0 


0 


0 


0 


0 


1 


0 


-2.66 


+2.66 


+0,66 


-0,66 


2 


0 


-5.16 


+5.16 


+1,26 


-1.26 


3 


0 


-7.32 


+7.32 


+1.81 


-i.ai 


4 


0 


-9.06 


+9.06 


+2.25 


-2,25 


5 


0 


-10.00 


+10,00 


+2.48 


-2.48 


6 


0 


-10.27 


+10,27 


+2.55 


-2.55 


7 


0 


-9.53 


+9.53 


+2 . 36 


-2.36 


8 


0 


-7.70 


+7.70 


+1.91 


-1.91 


9 


0 


-4.59 


+4 .59 


+1.15 


-1.15 


B-10 


0 


0 


0 


0 


0 


11 


0 


-3.89 


+3.39 


-1.49 


+1.49 


12 


0 


-6.39 


+6.39 


-3.18 


+3.18 


13 


0 


-7.67 


+7.67 


-4.89 


+4.89 


14 


0 


-7.98 


+7.98 


-6.59 


+6.39 


15 


0 


-7.43 


+7.48 


-7.50 


+7,30 


16 


0 


-6.39 


+6.39 


-'”,98 


+7.98 


17 


0 


-4.89 


+4,89 


-7.67 


+7.67 


18 


0 


-3.13 


+3.18 


-6.39 


+6.39 


19 


0 


-1.49 


+1.49 


-3.89 


+3. 89 


C-20 


0 


0 


0 


0 


0 


21 


0 


tl.15 


-1.15 


-4.59 


+4.59 


22 


0 


+1.91 


-1.91 


-7.70 


+7.70 


23 


0 


+2 . 36 


-2.56 


-9.53 


+9 .53 


24 


0 


+2.55 


-2.55 


-10.27 


+10.27 


25 


0 


+2.48 


—2.48 


-10.00 


+10,00 


26 


0 


+2.25 


-2.25 


-9.06 


+9.06 


27 


0 


+1.81 


-i.ai 


-7.32 


+7.32 


28 


0 


+1.26 


-1.26 


-5.16 


+5,16 


29 


0 


+0.66 


-0.66 


-2.66 


+2.66 


D-30 


0 


0 


0 


0 


0 
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L-Q 

















1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

13 

19 

20 

21 

22 

23 

24 

25 

26 

27 

23 

29 

30 



REACT lOHB 



ETFI.ITEJTCS LI!JB 0!IDI?rA7r.S 



Reaction 

LeftJ[L) 


B’ + 


Reaction 

B” 


= B 


+0.873 


+0.127 


+0.033 


+0.160 


+0*748 


+0.252 


+0,064 


+0.316 


+0.627 


+0.373 


+0.091 


+0.464 


+0.509 


+0,491 


+0.113 


+0*604 


+0,400 


+0.600 


+0.125 


+0.725 


+0.297 


+0.703 


+0,128 


+0.831 


+0.205 


+0.795 


+0.119 


+0.914 


+0.123 


+0.377 


+0.C96 


+0,973 


+0.054 


+0.946 


+0.057 


+1.003 


0.000 


+1.000 


0.000 


+1 .000 


-0.039 


+0.039 


+0.924 


+0.963 


—0 • 064 


+0.064 


+0 . 832 


+0.896 


-0.077 


+0.077 


+0.728 


+0.805 


-0,080 


+0.080 


+0.616 


+0.696 


-0.075 


+0.075 


+0,500 


+0.575 


-0.064 


+0 . 064 


+0 . 384 


+0.448 


-0.048 


+0.048 


+0.272 


+0.320 


-9.032 


+0.032 


+0.163 


+0.200 


-0.015 


+0.015 


+0.076 


+0.091 


0.000 


0.000 


0.000 


0.000 


+0.011 


-0.011 


-0.057 


-0.068 


+0.019 


-0.019 


-0.096 


-0.115 


+0 . 024 


-0.024 


-0.119 


-0.143 


+0.026 


-0.026 


-0.123 


-0.154 


+0.025 


-0.025 


-0.125 


-0.150 


+0.022 


-0.022 


-0.113 


-0.135 


+0.018 


-0.018 


-0.091 


-0.109 


+0.013 


-0.013 


-0.064 


-0.077 


+0,006 


—0.006 


-0.033 


-0,039 


0.000 


0.000 


0.000 


0.000 
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MQMMTB 



iiiinuinajcs Liirs ordinates 



Point 



Lond Gd 


M«1 


M-2 




itA 


if - r ? 


1 


+ 3.73 


+ 7.46 


+ 6.19 


+ 4.92 


+ 3.65 


2 


+ 7.48 


+ 14.96 


+ 12.44 


+ 9.92 


+ 7.40 


3 


+ 6.27 


+ 12.54 


+ 18,81 


+ 15.08 


+ 11.35 


4 


+ 5.09 


+ 10.18 


+ 15.27 


+ 20.36 


+ 15.45 


5 


+ 4.00 


+ 3.00 


+ 12.00 


+ 16.00 


+ 20.00 


6 


+ 2.97 


+ 5.94 


+ 8.91 


+ 11 . S8 


+ 14.85 


7 


+ 2.05 


+ 4.10 


+ 6.15 


+ 8,20 


+ 10.25 


8 


+ 1.23 


+ 2.46 


+ 3.69 


+ 4.92 


+ 6.15 


9 


+ 0.54 


+ 1.08 


+ 1.62 


+ 2.16 


+ 2.70 


10 


0.00 


0.00 


0.00 


0.00 


0.00 


11 


- 0.39 


- 0.78 


- 1.17 


- 1.56 


- 1.95 


12 


- 0.64 


- 1.23 


- 1.92 


— 2*56 


- 3.20 


13 


- 0.77 


- 1.54 


- 2.31 


- 3.08 


- 3.85 


14 


— 0 . 30 


- 1.60 


- 2,40 


- 3.20 


- 4.00 


15 


- 0.75 


- 1.50 


—2 . 25 


- 3.00 


- 3.75 


16 


- 0.64 


- 1.28 


- 1.92 


- 2,56 


- 3.20 


17 


- 0.48 


- 0.96 


- 1.44 


—1 *92 


- 2.40 


18 


- 0.32 


- 0.64 


- 0,96 


- 1.23 


- 1.60 


19 


- 0.15 


- 0,30 


- 0.45 


- 0.60 


- 0.75 


20 


0.00 


0,00 


0.00 


0,00 


0.00 


21 


+ 0.11 


+ 0,22 


+ 0.33 


+ 0.44 


+ 0,55 


2P 


+ 0.19 


+ 0.36 


+ 0,57 


+ 0.76 


+ 0.95 


2S 


+ 0.24 


+ 0,43 


+ 0.72 


+ 0,96 


+ 1.20 


24 


+ 0.26 


+ 0.62 


+ 0,78 


+ 1.04 


+ 1.30 


25 


+ 0.25 


+ 0,50 


+ 0.75 


+ 1 . 00 


+ 1.25 


26 


+ 0.22 


+ 0.44 


+ 0.66 


+0 * 88 


+ 1.10 


27 


+ 0,13 


+ 0.36 


+ 0,54 


+ 0.72 


+ 0,90 


28 


+ 0.13 


+ 0.26 


+ 0.39 


+ 0.53 


+ 0.65 


29 


+ 0.06 


+ 0.12 


+ 0,18 


+ 0.24 


+ 0,30 


30 


0,00 


0.00 


0.00 


0.00 


0.00 



AREA OF INFLinSHGS 


LINES 








0-10 +399.7 


+666 . 0 


+865.7 


+932.0 


+931.7 


10-20 -49.9 


-99.7 


-149.6 


- 199.4 


-249.3 


20-30 +16.6 


+33.1 


+49 .6 


+66.1 


+82*7 
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y 



Point 



Loaded 


I!»6 


M-7 


M-8 


lf-9 


M-10 


1 


+ 2.38 


+ 1.11 


- 0.16 


- 1.43 


- 2.70 


2 


+ 4.38 


+ 2.36 


- 0.16 


— 2 .68 


- 5.20 


3 


+ 7.62 


+ 3.89 


+ 0,15 


- 3.57 


- 7.30 


4 


+ 10.54 


+ 5.63 


+ 0.72 


- 4.19 


- 9,10 


5 


+ 14.00 


+ 8.00 


+ 2,00 


- 4.00 


- 10.00 


6 


+ 17.82 


+ 10.79 


+ 3.76 


- 3.27 


- 10.30 


7 


+ 12.30 


+ 14.35 


+ 6,40 


- 1,55 


- 9.50 


8 


+ 7.38 


+ 8.61 


+ 9.84 


+ 1.07 


- 7.30 


9 


+ 3.24 


+ 3.78 


+ 4.32 


+ 4.86 


- 4.60 


10 


0.00 


0.00 


0.00 


0.00 


0.00 


11 


- 2.34 


- 2.73 


- 3.12 


- 3.51 


- 3.90 


12 


— 3 • 84 


- 4.48 


- 5.12 


- 5.76 


- 6.40 


13 


- 4.62 


- 5.39 


- 6.16 


- 6.93 


- 7.70 


14 


- 4.80 


- 5.60 


- 6.40 


- 7.20 


- 8.00 


15 


- 4.50 


- 5.25 


- 6.00 


- 6.75 


- 7.60 


16 


- 3.84 


- 4.43 


- 5.12 


- 5.76 


- 6,40 


17 


- 2.88 


- 3.36 


- 3.84 


- 4.32 


- 4.80 


18 


- 1.92 


- 2.24 


- 2.56 


- 2.88 


- 3.20 


19 


- 0.90 


- 1.05 


- 1.20 


- 1.35 


- 1.50 


20 


0.00 


0.00 


0.00 


0.00 


0.00 


21 


+ 0.66 


+ 0.77 


+ 0,88 


+ 0.99 


+ 1.10 


2 ? 


+ 1.14 


+ 1.33 


+ 1.52 


+ 1.71 


+ 1.90 


23 


+ 1.44 


+ 1.63 


+ 1.92 


+ 2.16 


+ 2.40 


24 


+ 1.56 


+ 1.82 


+ 2,08 


+ 2.34 


+ 2.60 


25 


+ 1.50 


+ 1.75 


+ 2.00 


+ 2.25 


+ 2.50 


26 


+ 1.32 


+ 1.54 


+ 1.76 


+ 1.98 


+ 2,20 


27 


+ 1.08 


+ 1.26 


+ 1.44 


+ 1.02 


+ 1.80 


28 


+ 0.78 


+ 0.91 


+ 1.04 


+ 1.17 


+ 1.30 


29 


+ 0.36 


+ 0.42 


+ 0.48 


+ 0.54 


+ 0 .60 


30 


0,00 


0.00 


0 . 00 


0,00 


0.00 



> 

o 


OTLU3NC1 


: LDfES 








10 


+ 798.0 


+ 597.7 


+ 267. 2 (- 2 . 0 ) 


- 200.3 (+ 56 . 7 ) 


- 669.3 


-20 


- 299.1 


- 349.0 


- 398.9 


- 443.7 


- 498,5 


!-30 


+ 99.2 


+ 115.7 


+ 132.3 


+ 14S.8 


+ 165,9 
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Point 



Loaded 


F-11 


K-12 


M-13 


M-14 


? f-15 


1 


- 2.37 


- 2.04 


- 1.71 


— 1 . 38 


- 1 . 05 


2 


- 4.66 


- 3.92 


- 3.28 


- 2.64 


- 2.00 


3 


- 6.39 


- 5.48 


- 4.57 


- 3.66 


- 2.75 


4 


- 7.97 


- 6.84 


- 5.71 


- 4.58 


- 3.45 


5 


- 8.75 


- 7.50 


— 6. 25 


- 5.00 


- 3.75 


6 


- 9.02 


- 7,74 


- 6,46 


- 5.18 


- 3.90 


7 


- 8.31 


- 7.12 


- 5.93 


- 4.74 


- 3.55 


8 


- 6.74 


- 5.78 


- 4.72 


- 3.86 


- 2,90 


9 


- 4.07 


- 3.46 


- 2.09 


- 2.32 


- 1.75 


10 


0.00 


0.00 


0.00 


0.00 


0.00 


11 


+ 5 . 34 


+ 4.58 


+ 3.32 


+ 3.06 


+ 2.30 


12 


+ 1.92 


+ 10.24 


+ 8.56 


+ 6.88 


+ 5.20 


13 


- 0.42 


+ 6.86 


+ 14.14 


+ 11.44 


+ 8.70 


14 


- 1.84 


+ 4.32 


+ 10.49 


+ 16.64 


+ 12.80 


15 


- 2.50 


+ 2.50 


+ 7.60 


+ 12.50 


+ 17.50 


16 


- 2.56 


+ 1.28 


+ 5.12 


+ 3.96 


+ 12,80 


17 


- 2.08 


+ 0,64 


+ 3.36 


+6 • 08 


+ 8.80 


18 


- 1.82 


+ 0,16 


+ 1.84 


+ 3.52 


+ 5 , 20 


19 


- 0.74 


+ 0.02 


+ 0.78 


+ 1.54 


+ 2.30 


20 


0,00 


0.00 


0.00 


0.00 


0.00 


21 


+ 0.53 


— 0.04 


- 0.61 


- 1.18 


- 1.75 


22 


+ 0.94 


- 0.02 


- 0.98 


- 1.94 


- 2.90 


23 


+ 1.21 


+ 0.02 


- 1.17 


- 2,36 


- 3.55 


24 


+ 1.32 


40,04 


- 1.24 


- 2.52 


- 3.80 


25 


+ 1.25 


0.00 


- 1.25 


- 2.60 


- 3.75 


26 


+ 1.07 


- 0.06 


- 1.19 


- 2.32 


- 3.45 


27 


+ 0.90 


0.00 


- 0.90 


— 1 .80 


- 2.70 


28 


+ 0.66 


+ 0,02 


- 0.64 


- 1.26 


- 1.90 


29 


+ 0.27 


- 0.06 


- 0.39 


- 0.72 


- 1.05 


30 


0.00 


0.00 


0.00 


o;oo 


0.00 



AREA OF BIFLTJ'®CK LIMES 








0-10 


- 587.1 - 503.2 


- 419.1 


- 336.4 


- 253.0 


10-20 


- 11 6.0 (+ 67 . 8 ) + 301.3 


+ 568.0 


+ 701.6 


+ 768.0 


20-30 


+ 82.1 


- 84.6 


- 194.4 


- 253.0 
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D13SIG?! i^ijjrrs 



Deoignation of Critical Points 

A * midpoint of first span 
B « first interior support 
C = midpoint of central span 

LIVE LOADS ' 

Section A 

Poaitire 

Unif. « 1014.4 X 1.28 » 1500 

Cone. = 20 X 36 * 720 

Total {+ impact)® X 1.22 « 42460 fk 

Negative 

Unif. * 249.5 X 1.28 = 319 

Cone. « 4 X 36 * 144 

Total (4 iiapact)® 48"^* X 1.22 ® » 566 fk 

Section B 

Positive 

Unif. « 165.9 X 1.23 ® 212 

Cone. * 2.55 X 36 » _92 

Total (4 impact)® 304 X 1.22 « 4 372 fk 

Negative 

Unif. ® 1167.8 X 1.28 « 1401 

Cone. *» 18.27 X 36 « 660 

Total ( *impact)® ^15i X 1.22 ® -2666 fk 

Section C 

Positive 

Unif. * 763 X 1.2S * 984 

Cone. = 17.5 X 36 » 650 

Total (4 impact) =1614 X 1.22 » 41971 fk 

Negative 

Unif. * 507 X 1.28 « 650 

Cone. = 3.9 X 36 « 141 

Total (4 impact)* 791 X 1.22 = - 965 fk 



CURljS MB RAILINGS (300 ppf - effective after pres tress) 



Section A « (0.3)(1014,4 - 249,3) 
Section B « (0.3)(1167,8 - 165.9) 
Section C = (0.3) (768 - 507.0) 



* (0,3)(765.l)= 4 229.3 fk 

* (0.3)(1001.9)*- 300.6 fk 

« (0.3)(26l) * 4 78,6 fk 



VEAHINO SUHPACE (l50 ppf - per girder 



effective after prestreei 



Section A = 
Section B = 
Section C * 



(0.15)(765.l)(7) 

(0.15)(1001.9)(7) 

(0.15)(26l)(7) 



* 793.6 fk 
= 1052.0 fk 
= 275,1 fk 
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DEAD LOADS 



Section A * (0.15)(7G5.l)(A) « 


114.8 A fk 


(A« Area of beani 


Section B - (0.15)(1001.9 )(a)« 


150.3 A fk 


crosB-section 


Section C « (0.15) (26l) ( a) 


39.3 A fk 


In sq.ft. 


) 


TOTAL DSSIGlf litOiSlMS Vm 4* 


GIRD.SR 




Kidpoint Firet Span (a) 


Positive Negative 










Dead Load 


114. 8A 


fk 




Load after Prestreoe 


497.5 


fk 




First Interior Support (B) 








Dead Load 


> 


150. 3A 


fk 


Load after Pros trees 


•» 


574.1 


fk 


Midpoint Central Span (C) 








Dead Load 


39. 3A 


fk 




Load after Pree trees 


322.1 


iTlc 3*7 # 3 


fk 
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LOADII.T. FOR llAXimH SHEAR 



The loading for maxicnim shear 1 b Birailar to a simple 
beam in that the critical shears will occur at the sup- 
ports in a continuous bean. ?/lth three spans the maximum 
shear occur® at the first interior support. J>lncc otirrups 

are required due to the use of 0.06 f* it i® noceKsary to 

c 

compute the etress not only at the eupports but also at the 
points to the rifjht and left of tbs first interior support. 
For computing these shears the specif ications for maximum 
shear as stated in the AASHO Standard Specifications will 
again be followed. 7hia requires a lane loading of 640 lb. 
per foot plus a 86,000 lb. concentration placed in such 
manner as to produce maximum stress. The live load is also 
required to be increased for impact. 

To deternine the maxlnum shear at the required points 
under the moving load. Influence lines are again resorted 
to. Bctemining the areas of these influence lines and 
combining these with the required loads gives the maximum 
shear at the section under consideration. 
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mi%trnumm mm aiiMi mm 




0 

1 

2 

3 

4 

5 

6 

7 

3 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 



LUrE OHDDUTES ? 0H 5HM 



V-A V-B 



+ 1.000 


0,00 


+ .873 


+ .160 


+ .748 


+ .316 


+ .627 


+ .464 


+ .509 


+ .604 


+ .400 


+ .725 


+ .297 


+ .831 


+ .205 


+ .914 


+ .123 


+ .973 


+ .054 


+ 1.003 


0.00 


+ 1.000 


-.039 


+.963 


-.064 


+ .896 


-.077 


+ .805 


-.080 


+ .696 


-.075 


+ .575 


-.064 


+ .448 


-.048 


+ .320 


-.032 


+ .200 


-.015 


+ .091 


0.000 


0.000 


+ .011 


- . 068 


+ .019 


-.115 


+ .024 


-.143 


+ .026 


-.154 


+ .025 


-.150 


+ .022 


-.135 


+ .018 


-,ioa 


+ .013 


-.077 


+ .006 


-.039 


0.000 


0.000 



V-3 


V-9 


0.00 


0.00 


+ .127 


+ .127 


+ .252 


+ .252 


+ .373 


+ .373 


+ .491 


+ .491 


+ .600 


+ .600 


+ .703 


+ .703 


+ .795 


+ .795 


+. 877 (- 123 ) 


+ .877 


+ .054 


+. 946 ( 


0.000 


0.000 


+ .039 


+ .039 


+ .064 


+ .064 


+ .077 


+ .077 


+ .080 


+ .080 


+ .075 


+ .076 


+ . 064 


+ « 064 


+ .048 


+ .048 


+ .032 


+ .032 


+ .015 


+ .015 


0.000 


0.000 


-.011 


-.011 


-.019 


-.019 


- 0.024 


— . 024 


— . 026 


-.026 


-.025 


-.025 


— . 022 


-.022 


-.018 


-.018 


-.013 


-.013 


-.006 


-.006 


0.000 


0.000 



V»ll 

0.00 

-.03 

-.064 
-.091 
-.113 
-.125 
-.128 
-.119 
-.096 
. 054 ) -.057 

0.000 

+. 076 (-. 924 ) 
-.832 
-.723 
-.616 
-.500 
-.384 
-.272 
-.168 
-.076 
0.000 
+ .057 
+ .096 
+ .179 
+ .128 
+ .125 
+ .113 
+ .091 
+ .064 
+ .033 
0.000 
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Section A 

Lire lond 
Unif 
Cone 

Bead load 
Unif 
Curbs and 
Unif 
Surface 

Unif 



Section B 

Live load 
Unif 
Cone 

Bead load, 
Unif 
Curbs and 
Unif 
Surface 

Unif 



Section A«S 

Live load 
Unif 
Cone 

Bead load 
Unif 
Curbs and 
Unif 
Surface 

Unif 



Section A-9 

Live load 
Unif 
Cone 

Bead load 
Unif 
Curbs and 
Unif 
Surface 
Unif 



= (44.95)(0*62)(S) * 57.6 

* (l)(26.0)(2) « 52.0 

L.L.(+ Impact) * 109.6 X 1.23 « 133.7 k 



» (39.96)(0,737)(7) 
Railinpjs 


SI 


B.L. 


s: 


220.0 k 


« (39.96)(0.300) 




C.R. 


«c 


12.0 k 


« (39.96)(0.150)(7) 


ai 


s # 


ss 


42.0 k 






Total 


as 


407.7 k 




Per Girder 


at 


58,2 k 


** (120)(0.64)(2) « 


153 


.8 






* (1)(26.0)(2) « 


52 


.0 






L.L.(+ Impact) *» 




TS X 1.22 


as 


250.0 k 


* (106.7) (0.737) (7) 
Railings 


at 


B.L. 


a: 


53.8 k 


« (106.7)(0.300) 


s 


C.R. 


at 


32.0 k 


* (106.7)(0,150)(7) 


ts 


S • 


se 


112.0 k 






Total 


8S 


982,6 )c 






Per Girder » 140.3 k 



(42.31)(0.G4)(2) « 54.90 



** (0.877)(26. OHS) « 45.6 






L.L.(+ Impact) « lM7T"X 1.22 


QB 


123.0 k 


« (40.0)(0.7a7)(7) » B.L, 


as 


82.0 k 


Railings 






» (40.0)(0.300) « C.K. 


» 


12.0 k 


= (40.0)(0.150)(7) « S. 


St 


42.0 k 


Total 


« 


397.6 k 


Per Girder 


sr 


56.7 k 



* (51.89)(0.64)(2) 


*® 66.6 






« (0.946)(26.0)(2) 


• 49.1 






L.L.(+ Impact) *= 


116.7 X 1.22 


ss 


141.0 k 


*= ( 49.9)(0.787)(7) 


** B.L. 




274.0 k 


Railings 








** (49.9)(0,300) 


* C.R. 


•BS 


15.0 k 


«* (49.9)(0,150)(7) 


* S . 


29 


52.5 k 




Total 


flS 


4^7S Sc 



Per Girder** 69.0 k 
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Section B-11 

Live load 

Unif. * (43.4)(0.64)(2) = 62,0 

Cone. * (0.924)(26.0)(2)« 43,0 

L.Ls(+ Impact) « llO.O X 1.22 = 

Dead load 

Unif. » (39.72)(0.787){7) = D.L. 

Curbs and Rail Inge 

Unif. « (39.72)(0.300) « C.R. = 

Surface 

Unif. = (39.72){0.150)(7) * S. « 

Total « 
Per Girder 



134.0 k 

218.0 k 

11,9 k 

41,7 k 
4^5.6 k 
= 68.0 k 
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CROSS SECTIOir DKSiail 



In th« design of the ©rose section there Is no exact 
design for determining the depth of the heara. Therefore 
when dealing with a eection other than rectangular, it le 
necessary to assume a section. Frcm the concrete pro- 
parties a section of about 30« ia itdlcatod. Binco it 
is fenown that the eccentricity will control, the first 
section assumed was one with a depth^of 36". The width 



of bdara has already been asemod as 48” previouely. 
Thn Siijsumod section is as indlcat«?d in "Pig. IS, 




^ig. IS 



A » area * 720 »q. in. 

I « moment of inertia « 137,963 in^ 
pSw I + A * 191.5 cq. in. 
r^/y^ a 10.6 in. 

w. « e 750 lb. per ft. 

w I AA 



We determine the limiting vnluee of e’ and by cone true ting 
• rrfrrh "“cr each of the three critical sections - the midpoint 
Of the first span (a 1, tho firot interior support (B), and 
the midpoint of the central span (c). These graphs are the 
condition equations developed in the section fundamental 
formulae . 

Using the equations from the section Fundamental 
Formulae, we first consider oeotion A. 
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Section A 

The Bending Moments are: 

* +114,800(5) * +574,000 fp 






a 



+497,600 fp 
X 0 



The Btreeees in the extreme fibres ares 
e.. - . 574.000 X 12 X 18 

r^jt lab tHTT§fe"“ 



^at “* ^ab 



497,600 X 12 X 18 

— Tsr;m 



« 900 poi 
*e 730 pei 



fl* - f ib “ 0 



at 

In this case. 



c > 


^dt ”*■ ^at 


as 2000 


> 1680 


H > 


^at • ^dt 


as 0 


> -900 


0 ;> 


^ab • ^db 


as 2000 


? -900 


Therefore, 








lino(2) * 


X ^ . 1 




. , 1 - , _ , 3.15 


(e - fd+. 


- f«+)A 


(2000-1630) A “ lOOOA 


line(2*) * 


. 1 


^ - as 


1 - 1.11 


tot -f'it 




“T^ + 950) A ' 'IOOOa 


lin«(4) : 


4* n 




+. . . *.^5. „ « X 0.5 



lOOOA 



1 ^ . 0.345 

rs^5TirTWTA ^iwmr 



With these values the T*'.ovm in Fig. 13 can be 

drawn (solid lines). 

Section B 

The Bending ieoiaents are: 

>% » -150,300(5) = -751,500 fp 



« -574,100 fp 
M * a *® 0 
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• /mhH «niAM. 

^ • 4 » 



1 JML 0 



r < «»4 



u 



The stresaee in the extreme flbree are? 



r.. « #•.. . 751.500 X 12 X 18 

dt Mb 1&7,963 


« 1178 pel 


e . - - . 574.100 X 12 X 18 

Mt “ ^ab • — n?7g-gs 


* 900 pel 


0 

8 

fl 




In this ease. 





o < fdt **“ ^at »® 2000 < 2078 

®t > fit “ ^dt a® 0 > -1173 
0 ? as 2000 y -1178 

Therefore, 

line(2) * - • o) A * (2078^- 2660) A * “* lOOOA 

line(2*)i - t fdt^^* 1178 )A lOOOA 

lino(4) s + . ct)A“ (2078 - 0)A “ ■*■ lOOOA 

line(4«)* * X© - + f^^)A ” (2000 + 1178 )a * iOOOA 



With these values the diaif^raia shown in Fig 13 can he 
drawn (dashed lines). 

Section C 

The Bending Moments ares 

Md * +39, 000(A) * +196,000 fp 

M, * +332,000 fp 

U\ r, -87,300 fp 

In this case, the stresses in the extreme fibres ares 

fdt ® fd'b * ^ l.§ w 307 psl 

aw 1 Q«n ^ 



*■*4 ” ‘’ab 



332.000 X 12 X 18 * 521 t>si 
137,968 




87,300 X 12 X IS 

i3¥,968 



137 pci 
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ir • 



• A? ^ 





•T*\ > »■» 3 • 

^ t w • iit< ^ 

rr.4-n *15^ «r ^ 

r *' «* : ..tf ,*TT* “•'»-** 




>• 




jt 3^. .uuai 



'^iSAfi ‘ • i*'Tr r ' r * * ~ r» j T j4 : ,] * ***<l»^i 

«• <\r- i «|* 4A mmM ^mmS9 u«:a» r>%.«i 'i|f 

»fmu .^1^ 




an 2000 > 828 



In this case, 
c >^dt * 

®t " ^dt a« 0 ^ -170 

c “ '^d'b ^-170 

Therefore, 



line(2)i . 1 1 T , 0»Q54 

( C - fdt - ^+Ja (2000 - 828) A lOOOA 



line(2») * - 



line(4): + 



llno(4 * ) : + 



(ct - fit + (0 ♦ 170 )a 



at 
0.35 



^^db + fab - (828 - o) A 



0«35 



* + 



- - 5*^ 

lOOOA 

1 *05 
lOOOA 

«+ 0>46 



(c - f^b + ^*db^^ (2000 + 170 )a lOOOA 

\yith those Yalues the diagram ehcwm in l^lg. 15 can be 
draTm (dotted and dashed lines). 



With a 36" section the oaxlnjura e obtainable allowing 3" 
for Jacking purposes is 9". We ass’irae e^ * 9" which is less 
than the r^/y^ ** 10.6" putting the wire within the core of the 
seotlon. For e^ *> 9", the Taaxiirsum value of «;§ - the controlling 
eccentricity - is 8«5". Examining the diagram of 1/Pi vs e^, 
we find that the value cannot be satisfied. Hence the depth 
of beam section must be increased. The next section to try 
has a depth of 42". 
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A osctlon with a depth of 42“ le now aaBu:sed 



as 




A « area « 766 sq. In. 

I * jaoiaent of inertia «» 201,952 in^ 
• 267 In^ 

T^/yt * in. 

ttf w ss 756 rfV 150 ^ noin ^ 

"d ^ ^4 ' ^"" “ * l"* P®^ 



Fig. 14 
Section A 

!Ph® Bending «oiaent8 are* 

» ♦114,800(5.25) « +603,000 fp 

« +407,600 fp 

» 0 



The etreceee In the extrone fibree ares 

^dt ■ ^db “ ^ 

“ ^ab “ p«l 

‘'at “ *'ib ' ® 



In thie case. 



° ^dt + fat 


atj 


2000 > 


1375 


«t> fit - fdt 


m 


0 > 


-753 


«'f’ab - fat 


as 


2000 > 


-753 



Therefore, 



line(2) s 

line(8M i 
lln«(4)s + 



' * 

I ^ _ 

- fftt * 

-y— T -t - ■ -I - 1 -^ r-wn-i XS 4 * 

'*db ^ ^ab • ®t^ 



1 1.6 

( SiScJo 1375'1 a ® TOTa 

1 ______ 1.33 

To ♦ 753 )a * * lOOOA 

0.85 a 4. 0.613 

(1375 - 6)A ibOOA ■ 



lin©(4*)s +j^ 



‘db^A 






(2000 + 753 ) A 



SS ■♦■ 



0.368 

ibbbA 




' 4 ' m 



9 C* .* — « i 



•P • 



, its: ■• ^tT' 



• t' 

-'•i 



ft 
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1 r 
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jrnsmntr 
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* *j’;^ ~^r rsr 






7» 



» . 



4 • 



pi "" ^ 'p 

'»• - ■* *.7anr 

TT«rrii-TT7’ •'-»'••« 



-L 






With the«e valuoo the diagram shown in Fig. 15 can ho 



drawn (solid lines) • 



3eotion B 

The Bending UTosicnto are: 

1% « -150,300(5,25) * -789,000 fp 

« -574,100 fp 

M* « 0 
a 

The stresses in the extreme fibres aret 



^dt * ^db 



at 



js 005 psl 

201,852 



574,100 X 12 X 21 
201,852 



718 psi 



fit ’ f kb- ° 

In this case. 



c > 


^dt ^at 


ats 


2000 > 


1703 


°t> 


fat - fdt 


m 


0 ? 


-985 


0 > 


^ab - fdb 


a0 


2000 > 


-985 



Therefore, 
line(2)t + 



1 


» + 1 


R + 3.37 


fo “ fdt - fnt^ A 


( i^'600-1703yA 


T 5 OT 


1 


_ 1 


1.Q2 


(ct - fkt * fdt)A 


( 0 + obsIa 


lOOOA 


n 


« + 0.85 ,, , 


«- 4. 0.50 


ffdb + fab ' ®t5A 


(1703 - 0)A 


lOObA 



line(4*)s + / T ' ' » + 



1 , . 0.535 

(2000 +985) ibOOA 



With these values the diagram shown in Pig. 15 can be 
drawn (dashed lines). 

Section C 

The Bonding Moments aret 

Md * +39,300(5.25) * +206,500 fp 

Ma * ^ 322,100 fp 

¥.\ « -87,300 fp 
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The etrescee in the extreme fibres axej 



^dt “ *'dl3 ” gOS^500^X^]^2 , X gl , 258 pgi 
87,300 X 12 X 21 _ , 

m,M 



at 



f* 



at 



'ab 






In thlc case, 

c > as 2000 ;> 659 

H>^kt - ^dt ® ^ 

c > f ib - fdb ^ 

Therefore, 

1_ — tt 4- 



linc(2)i + j- -r-i 3 — X. 

line(2')s -/ S - T - -T ' " ? TT 

" ^kt * 



1 - 4. 0«746 

(^6o 6-S59T lOTO" 



13 m 






1 « . £.72 

(0 + 149 )a lOOOA 



O.aS _ . 1.29 

- 0)a lOOOA 



line(4 *) j + 



( c " ^ab ^ ^ 



* + 



*+ Q«^43 



^ (2000 + 149) A lOOOA 

With those values the diagram ehown in I’ig. 15. can be 
drawn (dotted and dashed liner.)* 



?lg. 15 represented the graphical Eolution satisfying 
all the conditions for the corapresRlvo and tennile otressea 
In the concrete at the three critical sections - at time of 
prestress and after elapsed loading (i.e., after the prestrese 
force has boon decreased to n times its orl,ginal value due to 
the creep of the concrete and ©teel and the plastic flow 
of the concrete). 
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With graph of 9* vereuc 1/P which doflnei; according to 

the condition equations the limits of e at the critical 

sections* and the graph of e' rersus e to compensate 

for the secondary bending moment, it is possible to 

determine the values of the actual eccentricity. Since 

straight cables are used the cables must be within 

the core of the section at the exterior supports to 

prevent tension in the top fibre. Therefore, e^^ rauet 

be less than r^/y^ which equals 12.7", was assumed 

eo.ual to «12". This allows 3" clearance beneath the 

flanges for jacking purposes. Since it is desirable 
have 

to as large as possible, the first try was eg equal 
to +12", With 9j^ K -12, and eg * +12, the values of 
the equivalent eccentricities (e*) from the graph of 
e versus e* are: 

e*^ * -11.6, e *3 « +12.6, and e*Q »-11.2 

Entering the graph of e* versus lOOOA/P - the highest 
value of IOOOa/P which will satisfy the above e*e is 
equal to 1. The limiting values of the eqtiivalent 
eccentricities with lOOOA/P equal to 1 are: 

®*A “ 

e *3 * +24.5 to 12.5 
e'e * -13,5 to 0, 

Sinco the actual values of e satisfy both graphs, the 
assumed values of e^ and ob are acceptable. Therefore, 
the values of eccentricity used are: 

®A * “12", ej, » 4-12" and «c “ ©a ® ”12", 
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With 7L.A a 1 

? 

V = 1000 X A « 1000 X 756 * 756,000 lb. 

With tho value of ? « 756,000 and the value of e * ll2 

we have the following etreaeesi 
P - 756j000 



756 



= + 1000 pel 



1L« Pe o 756.000 x 12 x 21 +944 

^ I 201 , S52 “■ 

Sec. Koia. = -P [0.6375 (og^) 0.5625 (e^,)! 

* -756,000 C^.6375 (-12) + 0.5625 (+12)1 
« -756,000 X 12 (-.6275 + 0.5625) 

» -756,000 X 12 (-0.075) = + 680,000 In. lb. 
fff a f;3; a ^71 pel 

Since the condition ecuatlonp have been satisfied and the 



diagrans for secondary monents have also been complied with, 
it ic reasonable to assume that the etresses at the critical 
sections aro not above the allowable stress. However, for 
a check we have tabulated the stresses at these sections. 



ABC 





Top 


Bottom 


Top 


Bottom 




Bottom 


Bead Load G tress 


+662 


-662 


-7163 


+718 


+401 


-401 


Llvo Load (super) 


+753 


-753 


-985 


+935 


+258 


-258 


p/a stress 


+1000 


+1000 


+1000 


+1000 


+1000 


+1000 


Pcc/l 


—944 


+944 


+944 


-944 


-944 


+944 




+ 36 


-36 


+71 


-71 


+71 


-71 


Resulting Stress , 


+1507 


+493 


+312 


+1638 


+786 


+1214 


Stress with no 
live load 


+345 


+1155 


+1030 


+970 


+528 


+1472 


Total Stress After 41500 
Elapsed Time 


+202 


+21 


+16 SO 


+778 


+923 
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PSTEHMIHATION OF WIRE AR3A 



The following computations are to determine the wires 
required * 

Design stress » 120,000 lb* per sq. In. 

Area “ 0.05983 
D • 0,276« 

P » 756,000 lb. 

Area of steel * * 6.29 sq. in. 

Htimber of wires * * 105 

0.059S3 



Therefore, use 4 cables of 28 wires each (total of 112) 

placed two cables on eacVi side of the web. 

Load per wire * allowable 

7200 lb. 



Size of Sheath 

Spacing * 1 diameter ( to allow for 

grouting) 

Wires - 7 by 4 

Sheath - (14)(0.276) by (8)(0.276) 
or 5-7/8« by 2-1/4" 



Use 4 standard eandwhlch plates for each cable. Total 
size for each cable is 4" by 4-1/2". 
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P-SSIGK OV BEARING PLATES 



LONGITUDINAL V/IRST* 



Allowable Bearing Value * 1.75 » 1.75 x 2000 *» 3500 psi 
Lons of concrete for cables » 2(3.875 x 2.25) = 17 cq. In. 
Required Area (one plate each side of web) 



756.000 



103 so. in. 



2 X 3500 

Une plate 6” x 21“ * 126“ (greater than 108 + 17) 



Plate Thicknesc 

In the design of the plate thlcloiees, the design as 
suggested in AISC for column bearing plate. 

t^ * 0.15 pa^ 

« 0.15(3.5) (5)^ « 4.72 
t « 2.18" 
use t * 2-1/2" 
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SHKAR CIROK 



The shear stress or diagonal tensile stress (v) in 
an uncracked concrete section is daxiiTjura at the centroid. 
For a girder subject to bending only, the value of v may 
be computed from the following equation which is a standard 
textbook formula for Piaximum shearing stress in a horao- 
geneouB section. 




in which, v * shearing etrees at centroid 



V * external shear on section 

b = width of section at centroid 

- statical moment of section on either side 
of centroid taken about tlmt point 

I ® moment of inertia of entire section about 
the centroid 



When the pres tress ing wires run through straight from 
end to end, as they do in this girder design, the prestress 
forces arc parallel to the girder axis and do not ccntrlbute 
to the value of V. However, the prestrees force ©xerte a 
horisontal compressive stress stress v and 8^ 

produce a. principle tensile stress which may be computed 
from the following standard textbook formula. 



If the principle stresses exceed the allowable tensile 
strength of the concrete, web reinf orcemcnt is necessary. 
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PRINCIPLE STR.ESrn:S 



Section A 

V » 58.2 k 
b * 6“ 

Q « (48)(6)(18) + (6)(15)(7.5) 
I *« 201,852 in4 




» 282 pel 



5855 InS 



® (0.85) ( 756, 000)/( 756) « 850 pel 



St “ I ( hi 282)2 4- (350)S 

Section B 

V « 140.3 
b « 6“ 

0, « 5855 
I « 201,852 



V 




®s 682 pel 



850) 



85 pci 



Sx “ S50 psl (constant thrcufjhont the length of bean) 



« I ( ^4(682)^ + (850)2 . q^q) « 382 pel 

since 382 psi exceeds the allowable strength of 120 psi, 
web reinforcement in the form of vertical stirrups is 
noceesary . 

Section A»8 

V « *?!}.■(■ j^^S) « 274 ppi 

(61(201,852) 



84 psi 



Section A»0 

Y m 




= 334 psi 



« 119 psi 
Section B -11 

Y ® 



53 .0) (5355' 
?yT201,S52 



*= 281 pci 



» 5(5 • 



St * 81 pel 



M - £ 



(C4n . ^ C^i 
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e^M » t 
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Shear strength of concrete « 0.02 f’^ 

« 0.02 (6000 

® 120 pal 



Reinforccjsent imist provide all in 
excess of 120 poi. 



Since thio shearing stress drops rapidly In either di- 
rection of the interior support, reinforcement is theoretically 
not required at a distance greater than 10’ from the interior 
support. To provide the reinforcement, stirrups will be used. 
The design of these stirrups follovw the design of stirrups 
as outlined in the Heinforced Concrete Design Handbook. 



Stirrup Deslim 



Mav V* St 262 psi 



S « 10* 




b * 6*' 

a » 42 « 

» 20,000 psi 
f\~ 6000 pel 



Try 3/3 inoh stirrups : 
Ayfy ® 4400 



Hax (lA) » 

Ayl Y 



26? X 6 

^ „ 0.375 



4400 



H = 6S(i3ax 1/s) « G X 10 X 0.375 = 22.5, cay 24 
Index » 1.5S/(siax 1/s) = 1.5(l0)/0.S75 * 40 
iSntorlng ’’spacing of Stirrups” diagrata, page 81, HCDH, 
with index of 40 and wax(l/s) of 0,27f, we get* 



3/8" round stirrupe spaced i 10 at 3”# 7 at 4"f 3 
at 6”; 1 at 8"j and. 3 at 12**. 



This spacing will commence at the interior supports and run 
in both direction®. Although the stirrup® are theoretically 
not required after the 10*, it wae decided to continue the 
stirrups throughout the length of the beam at the aiaximura 
spacing of 12". 
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DESIGN 0? AITCHOR ELOCICB 
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1 




r -^1 



Since the deoigned cable 
1b discontinuoue, it is neces- 
sary to have anchoring blocks 
at the points of dlecontlnuity* 
Therefore, at the 3/4 point in 
the first span a rectangular block is placed on both sides of 
the web of the I bean. The cable which is below the neutral 
axis ends at this block while the cable over the first in- 
terior support begins* There is a siKilar block at the l/4 
point of the middle. Throughout the entire length of the span 
there are four such blocks. The preetressing cables bearing 
on these blocks produce an internal couple of 756,000 x 24 in. 
lb. This couple is resisted by shear along the flange. Al- 
though the web aids in resisting this couple, it has not been 
taken into account and the design is on the side of safety. 

Length of Block 

Shear = » 604,8 K 

Shear/in. = =14.4 k/in. 

42 

If no reinforcement were used, the allowable shear from 
the ACI standards would be: 



Yq = 0.02 f *Q = .02 X 6000 = 120 pel 

L « = i20« =10’ - too large 

With reinforcement the allowable shear from the ACI 
standards : 



Vq » 0.06f»Q = .06 X 6000 » 360 psi 



L 



=. 14.4 
.360 



= 40" 



Therefore, a block with a length of 4’0*’ was used. 



•- ’■» ,|gU««U-£ I 

««•••. I f* ^ *-•»« 

»#*Ur *A‘ 

r» 'r«i»( ^ , 54tj 

’/ V « •;/«•< t| 

t^i k»» r- iKf ?.l C%!rr» ik/irff-; *hfy 

•"t •*fl. ?- ‘ Tl*., f>. I #.'i«>\ 

*.<J »r *'>-)C^ ^ j. .^m * •! 





J 1 




! 1 



iy 

}¥'■ 

-L 






--H 



r 

i_ 



^•r»0»f*c*m A •••^ lf«4t 

i T« f/ti 

* ^4At J4 t <JUM 
*a^«p^ »T»n»*t 

•4*^^ iL-o»i • i* ji.*n,vr %tiT nAd ♦% 

U«4C ^j?«r-r*‘ 'tor *#- . tfmat* «t» ttfcij; 

, fc-- . OAM^^ »iHM»% im«#nl m ^^4. MO 

-1a 0^ ir-i* ^^tin nt -I « ffroo ,4i 

/X» ««u «l ,-lff.^t •{ ^ U4 ..^^. 

\M «41o ran ^] ...l**# y*.-...,a., ^1^1 

A, 



* , 4 f • Li|53 

•l i#raiT. r/ , . r ,Ura. 



«i* t«*i*r 

* ts*.*^*** *<• T1 

(•K Ml/t 4¥~ 2.1a «4i 

•r* - i<- . » V . .. <v 

0 

♦^rit V9i - ’^r • *0%T • 

iCA 4.»* mld^lU *ar 

* •*. •• »<*• t 












o • 



• • f 



• ^ • 



" ,v 



I b. 



*1 • UM • 

• O 4 

* «««r I •* s .n <^%£i 



ANCHOR BLOCK REIlTFORCJinJBINT 









7s'c 


K- 









Co /'.s'*- In the deeign of the hlock It is noted 

that the shear 1 b horizontal and hence 
the main reinforcement is horizontal. 
Since the actual stress pattern is to 
a certain extent indeterrainate, it was 
decided to run the reinf orcement in 
both direction. To provide for reinforcement in both 
direction, a wire mesh cage prafabrication to be lowered into 
the forms for the anchor blocks will be designed. 

Design of Reinforcement 

The shear diagram for the block is shown and the computations 
follow. 

Shear taken by the concrete equals the 
shear value of the concrete times the 
area effective in shear (length of the 
block times the width of the block). 

Vq = 0.02(6000) (48« X 42'*) = 242 k 
The remainder of the shear must be taken by the reinforcement 
and is equal to v^ = 604.8 - 242 « 362,8 k 

We now will assume 6 vertical rows of horizontal reinforcement 
placed 3 on either side of the centerline (the cable is there- 
fore placed between two rows of reinforcement) . Each vertical 
row will take 362.8 k 6 rows, or 60,5 k per row. 
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Co /.Q 
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where V* ■ excess of total shear over that 
permitted on the concrete (vj.) 



« 60,5 8 

^0(7/8) (30) 



Ay « total area of reinforcement In 
tension within a distance s 



« 0,115 8 B ® spaclns of reinforcement in a 

direction parallel to it 

fy « tnesile unit stress in reinforce- 
ment 



Aaevune a 6" spacing of reinforcement with a required Ay of 

o 

0,690 in • Use 1" p» spaced 6** in both directions. 

The wire mesh cage would therefore be fabricated as follows: 

-6 vertical rows of 1” 0 spaced 6” vertically 
-vertical 1** 0 spaced 6** horizontally 

-the vertical 1" 0 would be the vertical leg of a rectangular 
closed stirrup serving to tie the unit together 

-all bars would be welded so as to form the wire cage 

This Is Illustrated in Fig. 17, 
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ANCHOR BLOCK REINFORCEMENT 



DHniGH Of KKY 



To have an efficient transfer 




girdere It i» necoBsary to 
key thoa at the upper and lower 
f langec • 



of etreee between adjacent 



The groateot concentration of load midway between gird or 
contero at the shear key will be ecjual to that exerted by a 
wheel loading of 16,000 lbs. placed either eidc of the ohoar 
plane# Thi® load can bo dlatributed according to Art 3.3*2, 

AABHO Standards, 1949, as follow© « 

E * 0.6S + 2,5 

where E * width over which wheel load 
distributed 

G ts effective span length 
E « 0,6(4) t 2.6 « 4,9 feet 
Therefore, th® mxlmiia ©hear stro®® equals 

16,000 f 4,9 « 3,270 p/ft =3.27 k/ft 
The shear strength of the concrete *» 0.02 f^ « 120 pol « 0,12 ksi 
providing total shear resistance « 2 X 0.120 ksi X 12 in/ft 

« 2,88 k/ft/inch of depth 

Therefore, the niniaum depth of = 3,27/2,68 « 1,13“ 

For this design use depth of key * 1-1/2“ . 
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TRANSVims::: WITU-'I 



In order to Ineure that the fjlrdere net together ae a 
monolithic structure it is neceaeary to induce a coapressive 
atreoB in the upper and lower flntngeo. Thin otrean is 
produced hy high tennlon traneverne wires which run through 
the upper and lower flnngon and are preo tressed in a manner 
similar to that ueed in the longitudinal prentroesing operation. 
Howerer, there is no design for the wires for they take no 
actual load. It was believed that B wires of diameter 0,276” 
in the top flange and another 8 in the bottom flange opaced at 
5 feet intervale would be eufflcient. With this arrangersent 
the Btrees produced would bet 

Total wire area « 8 X 0.05?^8S « 0,487 eq, in. 

Force « 0,467 X 120,000 * 67,500 lb. 

Btross a 57,500/(6 X 60) « 160 psl 
The deoigned wires would result in a corapresoive stress of 
160 pel in both the upper and lower flnngee. It in believed 
that thin would be adequate to produce a monolithic structure. 
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DSSIGK 0? B^IKG PLATED 



TRAKSVSRSS WIRIS 



Allowft'ble Bearing Value » 1.75 f<; » 1.75 3C 2000 = 3500 psi 

Loes of concrete for cables « 2-1/4 x 1 = 2.25 

8 X 0.05982 X 120.000 , 

Hequiroa area = ^ ■* « 16.4 sq. in. 

Use plate e* x 4** (greater than 16.4" 

+ 2.25“) 

= 0.15ra^ 



Plate Thickness 



« 0.15(3.5) (1.5)^ = 1.18 



t “ 1.09" 

TIB© t »* 1-1/4" 
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KOIM^T AT ?IHST CRACK 



It is gonsrally advisable to detertaine the raoraent 
at which the first crack (K ) may be anticipated. This 
involves estimating the stress at which the allowable 
tensile streos of the concrete is reached in the bottom 
fibre. The moment at this point may be determined from 
the following equation: 



¥ 



cr 






cr 



» Mt + f^^ 1 

t cr 

* total maximum moment * 1,363,000 fp 

^cr* allowable tensile s trees * 700 pal 

I = raoment of inertia \ 

y^ * distance to bottom fibre ® SI” 

= 1,363,000 X 12 + 700 X = 23,300,000 ip 

21 



On the assumption that moments and loj^s are propertional, 
the calculation shows that the first crack appears when 
the auperlapooed load is A2% more than the combined dead 
load and live load. Unlike ordinary reinforced concrete, 
this crack will close up when th® load Is eiibsequently 
reduced down to design live load. The concrete will then 
again behave as a homogeneous material. 
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DSFLECTIGN 



The ratio of depth to span is about ls30 which is 
small for a bridge carrying highway loading as heavy as 
H20-Slf3. The deflection under live load including 
iiapact should therefore be investigated. The raaxiiaun 
deflection for the beam will occur in the first span 
when loaded as shown in tbo sketch. The point of maxlmua 

deflection is not at the raidspan but for simplicity this 
deflection will be determined. The method of Conjugate 
Beam is used to obtain the necessary deflection. 
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LOADING 






Pab/L * (36){1.S2)(50)(50)/100 « 1098 

wlVs * (l.2B)(l.22)(l00^)/8 * 1953 

Mg *= (669.3-165.9)(l.28)(l.22) 

+ (36)(1.22)(10.0) e 1224 

For Conjugate Beam, 

% ® -1- ( 109B)(100)(5Q) + {4)(1953)(50)(5Q) - (1224) (lOO) ( 100 

100 2 3 (2 Ms) 

« 27,400 + 65,100 - 20,400 * 72,100 

M * (72,100)(50) + (612){r>0){50) - (l 09 a)( 50 )( 50 ) - 2(1953)50 

(-gtrsT (2) { 3 ) ( 3 ) (8) 

* 3,605,000 + 255,000 - 458,000 - 1,220,000 « 2,070,000 

* U/m « 2.070,000 X 1728 « 0,845'* 

3,666 X ^ X 2ftl,853 

- 65 - 






u Ml* *r 4iim ^>n 

«**'«it*«* •••!»»•* -« nt 4 



— oi it^<*> •■<• *u «• «# ftlM 4 •• '; wm* 

t • ^ i • ft s . I Blf caijib (B 

»t/i B*M 4 rvi|| <. '•>• ftm fl «^;krt 4 fUli 

«f^jpMiA ft iMBi M/r i * f*H 



,«i f MUi Mid lIVAl fr «1 




t 







lalMl 



t *-iJ| ^ • 



liN • 



i^«>‘ !i(#| < 

. k >Lv«ui< «f • 



# •- •• 



u • .isiiiiija^jnr j" 



:.•• • 



SI ♦ 



• »:< 



g t I ^ 4 4 i ' 0 I « 



JzJTr 



*U • 0f* ll^t.iTl •» « 



, 4 a • . ^f , *s^ r V « 




- j*' <• 



The lire lo»,d deflection is approximately 1/1400 of the span* 
The AASHO requires that the deflection ehall not exceed l/BOO 
of the span* Since the maximum deflection will only ho 
ollghtly greater than the live load deflection computed, 
the AASHO requirements are eaeily satisfied. 
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COMPARISON OP SISCTION D12SI0HSD 

STRAIGHT CAHLBS 
V.BR3US 

PARABOLIC CABLS 

In the design of a three span continuous gird or 
Hagnol uses a continuous parabolic cable. The cable 
sago in the middle of the opans and hurapo over at the 
interior supports. The oocentricltieo of this cable 
are limited as great differences in the values of e 
at the mid spans and supports would mean n cable of 
such tortuous shape that the friction between the 
cable and sheath might be serious. In most instances 
the cable at the supports doe not cross the neutral 
axis. Such a cable results in very high secondary 
bending moments. Straight cables which can be 
placed equidistant from the neutral axis tend to 
cancel out on the secondary bending moment. 

In the solution of his parabolic cable# Itagnel 
has evolved a complicated graph from which he can 
determine the minimum and maxlcmm values of the 
actual eccentricities. It was believed tloat the 
results of a girder design using Magnel^e cable would 
mahe an Interesting comparison with the girder 
already designed. 

Since a comparison is to be made a section with 
the same dimensions as the final section design using 
the straight cables was selected. This section has a 
42** depth and the curves of e’ versus l/Pj are as 
before in Fig. 15. Entering thio curve with lOOOA/P » 1, 
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the Uniting values ae before are* 

•V'A “ "22 to -8 
e*B ** +24.5 to +12.5 
o\q* -13.5 to 0 

Using Uagnel's diagrara a« »hovm in Fig. 16 where for an 
assigned value of Cjj the corresponding values of ©a 
oc are obtained provided that a crose -hatched area which 
satisfies the Units for the equivalent eccentricities 
is obtained. >fe have asounod that nust be less than 
+4 in order to prevent oxceeoive friction. With that 
limitation it appearo that such a cross-hatched area is 
not obtained and therefore the line lOOOA/^ « 1 is 
unsuitable. Lower values of IOOOa/I’ did not produce 
a solution. Therefore the depth would have to be 
increaood. If the eccentricity was not limited by 
the friction consideration, I'agnel^s design would 
result in the sarae depth of section* The straight 
cables therefor© have advantages in some cases over the 
parabolic cable. It io true that the eccentricity of 
the straight cables is limited by the necessary 
clearance for "Jacking*' purpoees. However, enough 
eccentricity is obtainable to give an economical 
section which is smaller than tho corresponding section 
using a parabolic cable. 
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CONCLUSIONS Al'fU HISCOIU^NUATIONS 



In the design of the three equal span girder bridge 
dlscontlnuouB straight cables arranged in a manner 
similar to ordinary reinforcement were used. This design 
proved to be entirely satisfactory resulting in zero 
tensile stresses under any condition of loading and gave 
a depth of span ratio of approxlraately 1/30, In comparing 
the design with a similar design using Magnel*e parabolic 
cable it was shown that the parabolic cable necoonltated a 
greater depth of section becnuee of the friction between 
the sVieath and cables which limited the eccentricities. 
Hence it is concluded that the use of straight cables in 
the design of continuous bridges is practical and in many 
cases would result in an economical design. In addition 
the design procedure lo relatively simple and substitutes 
a simple graph for the complex graph needed In the solution 
using a parabloie cable. 

It is recommended that the use of discontinuous cables 
for other than three equal span continuous beams be 
investigated and design procedure modified to apply to 
continuous bridges of S or 3 spans - equal and unequal 
spans. It is further recommended tliat the use of the 
now high strength prestressing bars recently developed 
in Sngland be Investigated in connection with these 
designs employing discontinuous straight cables. 
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